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SUMMARY 

The internal drag of* an axial -flow turbojet engine -with the rotor 
locked in plaoe to prevent windmilling and with the engine windmilling 
was obtained in an altitude test chamber over a range of simulated 
flight Mach number from about 0.3 to 0.8 at an altitude of 5000 feet. 

The internal drag (corrected to sea-level conditions) of the engine with 
the locked rotor was about 200 pounds, or only 44 percent of the wind- 
milling drag, at a flight Mach number of 0.8, and was about 30 pounds, 
or 41 percent of the windmilling drag, at a flight Mach number of 0.30. 
In addition to these drag reductions, the air flow with the rotor locked 
was approximately 33 percent of that with the engine windmilling. 


INTRODUCTION 


In order to evaluate the characteristics and hazards associated with 
the operation of turbojet aircraft, there should be known, in addition to 
engine performance characteristics, the internal drag characteristics 
when the engine is inoperative. For example, an aircraft may carry 
inoperative turbojet engines because of engine dsinage or for reserve power 
for high-speed flight. To min imi ze the drag .of such inoperative engines 
would be desirable, of course. The drag of the engine installation, 
consisting of both the internal and external aerodynamic drag, may differ 
depending on whether the engine is windmilling, the rotor is looked in 
position, or air flew through the engine is completely blocked by an air 
inlet door. For no air flow through the engine, the internal drag would 
of course be zero. However, an increase in spillage or air flow out over 
the surfaces of the inlet diffuser and the external aerodynamic surfaces 
may greatly increase the external aircraft drag. 


Windmilling drag characteristics of two axial-flow engines were deter- 
mined in previous investigations, and are reported in references 1 and 2. 
Reference 3 contains a generalization of windmilling characteristics for 
several turbojet and turbine -prop eller engines . In the investigation made 
at the NAGA Lewis laboratory and reported herein, the internal drag and 
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air flow were determined for an axial -flow engine with the rotor assembly 
locked in place to prevent rotation. This drag was then compared with 
the internal, drag for tide engine windmilling. This investigation was 
conducted at a simulated altitude of 5000 feet over a range of flight 
Mach number from about 0.3 to 0.8. 


APPARATUS 

Engine 

A conventional axial-flow turbojet engine was used for this 
investigation. The engine had an eleven-stage axial-flow compressor, 
a double annular combustor, and a two-stage turbine. Rated thrust of 
the engine at static sea- level conditions was approximately 3000 
pounds at an engine speed of 12,500 rpm. The engine had a frontal 

area of slightly over 3 square feet. 

For part of this investigation, the engine rotor was locked to pre- 
vent rotation by inserting a metal strap that was fixed at one end to the' 
upstream flange of the tail cone and at the other end to the bolts on' the 
turbine wheel. The strap was twisted so as to present a minimum frontal 
area to the flow. The engine was instrumented with pressure and temper- 
ature survey rakes at the inlet and outlet of each component throughout 
the engine. — 


Altitude Facilities 

The engine was installed in an altitude chamber which is illustrated 
in figure 1. The chamber is 10 feet in diameter and 60 feet in length 
and is divided into three compartments by steel bulkheads ; the inlet 
section, the engine compartment, and the exhaust Bection. The engine 
was mounted in the engine compartment, with the tail pipe extending 
through the rear bulkhead into the exhaust section. 

Dry refrigerated air can be supplied to the inlet section of the 
altitude chamber at temperatures from -70° to 0° F. Dry combustion air 
may also be obtained at a temperature of 65° F. Control of the inlet 
air temperature is obtained by mixing these two supplies . The gases 
discharged from the exhaust nozzle of the engine are removed from the 
exhaust section of the altitude chamber through a diffusing elbow and 
coolers by means of the laboratory exhausters . 
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PROCEDURE 

The desired flight conditions -were set to correspond to NACA stan- 
dard atmospheric, conditions assuming 100 percent ram pressure recovery. 
These settings were accomplished "by adjusting the stagnation or total 
pressure and temperature in the inlet section of the altitude chamber to 
correspond to the particular flight condition "being investigated. Simul- 
taneously the statio pressure corresponding to the simulated altitude 
was maintained in the exhaust section. All data included herein were 
obtained at a simulated altitude of 5000 feet at flight Mach numbers 
from about 0.3 to 0.8. After each flight condition was established and 
the air flow or engine speed stabilized, the pressures and temperatures 
throughout the engine flow system were recorded. 

' Air flow was computed from pressure and temperature measurements at 
the engine inlet. The internal drag was computed as the difference 
between the free-stream momentum of the engine air, based on complete 
ram recovery at the engine inlet, and the momentum at the exhaust -nozzle 
outlet, determined from the exhaust -nozzle pressure and temperature 
survey. 


RESULTS AMD DISCUSSION 

Corrected drag, corrected air flow, and corrected component pres- 
sures, which are plotted as functions of flight Mach number in fig- 
ures 2 to 4, have been generalized by means of the conventional correc- 
tion factors 5 and 6 . The factor 5 is defined as the ratio of free- 
stream static pressure to standard sea- level static pressure, and 6 
is defined as the ratio of free-stream static temperature to sea-level 
standard temperature. Presenting the generalized data In this manner 
gives values equal to the actual drag and air flow at standard sea-level 
conditions . 

The corrected drag with the engine windmilling and that with the 
rotor locked are compared in figure 2 for a range of flight Mach number. 
Over the range of flight Mach number investigated, the drag of the locked - 
rotor engine was less than half that of the wi ndmi lling engine . At a 
flight Mach number of 0.3, which is In or slightly above the region of 
take-off speeds, the drag of the locked -rotor engine was 30 pounds, which 
was. only about 41 percent of that for the windmilling engine. At a 
flight Mach n umb er of 0.8, the drag of the locked -rotor engine had risen 
to 200 pounds, but was still only 44 percent of that for the windmilling 
engine. In terms of drag per square foot of frontal area of the engine, 
the 200 pounds drag represent approximately 5.6 pounds per square foot. 

The pr imar y reason for the lower drag with the locked -rotor engine 
is the lower air flow shown in figure 3. The corrected air flow for the 
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locked -rotor engine was at out 33 percent that of the windmilling engine 
throughout the range of flight t Mach number investigated . However, the 
total pressure at the exhaust nozzle of the windmilling engine was 
slightly above free-stream static pressure, whereas the exhaust nozzle 
‘ total and static pressures were essentially equal for the locked -rotor 
engine (see fig. 4). Consequently, a small amount of the free-stream 
momentum of the air was recovered at the exhaust -nozzle outlet of the 
windmilling engine, in most cases about one -third of the free-stream 
momentum, whereas essentially all the free-stream momentum was absorbed 
within the locked -rotor engine. 

It is evident from these data that the considerably higher free- 
stream momentum for the windmilling engine, due to the higher air flow, 

Is the factor which results in the much higher internal drag of the wind- 
milling engine. This effect is tempered to a small degree by the momen- 
tum recovered in the exhaust nozzle of . the windmilling engine. 


SUMMAET OP RESULTS 

Comparison of the experimentally determined looked-rotor and wind- 
milling characteristics of an axial-flow turbojet engine showed the 
following results ; 

1. The internal drag of the locked -rotor engine was considerably 
less than that of. the windmilling engine. At sea- level conditions and 

a flight Mach number of 0.3, the internal drag of .the locked -rotor engine 
was 30 pounds and at 0.8 Mach number was 200 pounds, amounting to 41 and 
44 percent, respectively, of the drag of the windmilling engine. 

2. Throughout the range of flight Mach number investigated, the 
corrected air flow for the locked -rotor engine was approximately 33 per- 
cent of that for the windmilling engine. 


Lewis Flight Propulsion Laboratory 

National Advisory Committee for Aeronautics 
Cleveland, Ohio 
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Figure 1. - Altitude chamber with turbojet engine installed in test section. 
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